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$OO TXDOLW\ FKDUDFWHULVWLFV4&V QHHG WR EH FRQVWDQWO\ WHVWHG LQ WKH SURFHVV RI PHFKDQLFDO SDUWV PDFKLQLQJ 7KH HIILFLHQF\ LV ORZ DQG WKH FRVW LV
KLJK 7KHUHIRUH WKH NH\ TXDOLW\ FKDUDFWHULVWLFV.4&V LGHQWLILFDWLRQ LV KHOSIXO IRU QDUURZLQJ WKH VFRSH RI LQVSHFWLRQ DQG LPSURYLQJ WKH
GHWHFWLRQ HIILFLHQF\ $LPLQJ DW WKLV SUREOHP WKLV SDSHU SXWV IRUZDUG 0DKDODQRELV7DJXFKL 6\VWHP076 PHWKRG EDVHG RQ 5HOLHI) DOJRULWKP
7KH PDLQ VWHSV DUH DV IROORZV FDOFXODWH WKH ZHLJK RI HDFK FKDUDFWHULVWLFV E\ DSSO\LQJ 5HOLHI) DOJRULWKP DQG WKHQ HOLPLQDWH LUUHOHYDQW
TXDOLW\ FKDUDFWHULVWLFV ILQG RXW PHFKDQLFDO SDUWV¶ ILQDO .4&V E\ XVLQJ WKH RUWKRJRQDO WDEOH DQG 6LJQDO1RLVH 5DWLR615 RI 076 )LQDOO\
WKH SDSHU LQWURGXFHV WKH DSSOLFDWLRQ RI WKLV PHWKRG E\ VHWWLQJ D PHFKDQLFDO VKDIW DV DQ H[DPSOH 7KH H[DPSOH VKRZV WKDW WKH PHWKRG FDQ
LPSURYH WKH HIILFLHQF\ RI WKH LGHQWLILFDWLRQ RI PHFKDQLFDO SDUWV TXDOLW\ FKDUDFWHULVWLFV
  7KH $XWKRUV 3XEOLVKHG E\ (OVHYLHU %9
3HHUUHYLHZ XQGHU UHVSRQVLELOLW\ RI WKH 6FLHQWLILF &RPPLWWHH RI WKH ³WK ,QWHUQDWLRQDO &RQIHUHQFH RQ 'LJLWDO (QWHUSULVH 7HFKQRORJ\  '(7

.H\ZRUGV .H\ 4XDOLW\ &KDUDFWHULVWLFV 0DKDODQRELV7DJXFKL 6\VWHP 2UWKRJRQDO 7DEOH
 ,QWURGXFWLRQ
3URGXFW TXDOLW\ FRQWURO34& LV FORVHO\ UHODWHG WR WKH FRVW
DQG HIILFLHQF\ RI HQWHUSULVH 7KH NH\ TXDOLW\ FKDUDFWHULVWLFV
SOD\ D GHFLVLYH UROH LQ WKH SURFHVV RI 34& 7KHUHIRUH WKH
VWXG\ RQ SURGXFWV NH\ TXDOLW\ FKDUDFWHULVWLFV LGHQWLILFDWLRQ LV
YHU\ LPSRUWDQW .4&V FDQ JUHDWO\ DIIHFW WKH TXDOLW\ RI
SURGXFWV (QWHUSULVHV FDQ UHGXFH SRWHQWLDO TXDOLW\ SUREOHPV E\
FRQWUROOLQJ WKHP>@
7KH VWXGLHV RQ .4&V KDYH VKLIWHG IURP TXDOLWDWLYH WR
TXDQWLWDWLYH IURP GHVLJQ OHYHO WR PDQXIDFWXULQJ OHYHO IURP
ORZ GLPHQVLRQ WR KLJK GLPHQVLRQ ,Q SURGXFW GHVLJQLQJ SKDVH
.4&V DUH XVXDOO\ REWDLQHG E\ WKH KRXVH RI TXDOLW\ DFFRUGLQJ
IURP TXDOLW\ IXQFWLRQ GHSOR\PHQW4)' 7DQJ HWF>@ KDYH
PDGH D WKRURXJK UHVHDUFK RQ WKH VXEMHFW $V WR WKH VWXG\ RQ
LGHQWLILFDWLRQ LQ WKH PDQXIDFWXULQJ SURFHVV %RHLQJ
FRPSDQ\>@ GHILQHG .4&V LQLWLDOO\ EDVHG RQ WKH GHJUHH RI
TXDOLW\ ORVV LQ WKH DFWXDO SURFHVV RI TXDOLW\ PDQDJHPHQW 7KH
GRPHVWLF UHSUHVHQWDWLYH UHVHDUFKHV LQ UHFHQW \HDUV DUH DV
IROORZV +H HWF>@ SURSRVHG WKH PHWKRG WR H[WUDFW .4&V
EDVHG RQ WKH KRXVH RI TXDOLW\+24 %DVHG RQ DUWLILFLDO
QHXUDO QHWZRUN$11 WHFKQRORJ\ =KDQJ HWF>@ SURSRVHG
WKH H[WUDFWLRQ PRGHO RI FRPSOH[ PHFKDQLFDO DQG HOHFWULFDO
SURGXFWV .4&V DQG WKH RSWLPL]DWLRQ PRGHO RI .4&V LQ
PDQXIDFWXULQJ SURFHVV 6KHQ HWF>@ SURSRVHG D TXDOLW\
IHDWXUH VHOHFWLRQ PHWKRG EDVHG RQ WKH VHTXHQWLDO IDFWRU WHVW
ZKLFK ZDV XVHG LQ GLVFUHWH HYHQW VLPXODWLRQ WHVW 7KH .4&V
LGHQWLILFDWLRQ LQ WKH PDQXIDFWXULQJ SURFHVV FDQ EH VXPPHG XS
DV UHGXFLQJ GLPHQVLRQ )HDWXUH VHOHFWLRQ>@ DQG IHDWXUH
H[WUDFWLRQ>@ DUH WKH PRVW FRPPRQO\ XVHG PHWKRGV $LPLQJ
WR WKHVH WZR PHWKRGV <DQ>@ XVHG WKH )LOWHU DOJRULWKPV RI
IHDWXUH VHOHFWLRQ WR LGHQWLI\ WKH NH\ TXDOLW\ FKDUDFWHULVWLFV KH
WRRN WKH LQWHUUHODWLRQ EHWZHHQ WKH TXDOLW\ FKDUDFWHULVWLFV DQG
WKH ILQDO TXDOLWLHV LQWR DFFRXQW EXW LJQRUHG WKH PDG DPRQJ
WKHP $LPLQJ WR VROYH WKH GHIHFWV H[LVWLQJ LQ )LOWHU ;LH
HWF>@ LQWURGXFHG IHDWXUHV FOXVWHULQJ LQ GDWD PLQLQJ'0
DQG WKH\ JRW WKH VXEVHWV RI .4&V ZKLFK KDYH VWURQJ
FRUUHODWLRQ DQG OHVV PDG +H HWF>@ LQWURGXFHG &RVW
VHQVLWLYH LQWR LQIRUPDWLRQ JDLQ ,* DQG WKH\ SURSRVHG D QHZ
PHWKRG WR LGHQWLI\ .4&V EDVHG RQ WKH GDWD VHWV RI FRPSOH[
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SURGXFWV ZLWK KLJK GLPHQVLRQDO LPEDODQFH /L HWF>@
SURSRVHG 5HOLHI): 7KH IHDWXUH VHOHFWLRQ DOJRULWKP ZKLFK
FDQ HIIHFWLYHO\ LGHQWLI\ .4&V DQG NHHS WKH EXGJHW DFFXUDF\
ZDV EDVHG RQ 5HOLHI) DOJRULWKP DQG :UDSSHU DOJRULWKP
)HDWXUH H[WUDFWLRQ DQG IHDWXUH VHOHFWLRQ DUH HVVHQWLDOO\
DERXW RSWLPL]DWLRQ 076 LV RQH RI WKH LPSRUWDQW WRROV WR
RSWLPL]H V\VWHP ,W DOVR KDV WKH IXQFWLRQ RI IRUHFDVW DQG
GLDJQRVLV 7KH QHZ PHWKRG RI PXOWLSOH V\VWHP HQULFKHV
IHDWXUH VHOHFWLRQ WKDW LW PDNHV XS 076 LQ WHUPV RI
HIIHFWLYHQHVV DQG HIILFLHQF\ )RUHLJQ VFKRODUV VXFK DV 7DJXFKL
HWF>@ LQWURGXFHG V\VWHPDWLFDOO\ DERXW 076 DQG SRLQWHG RXW
WKH DGYDQWDJHV RI LW -XJXOXP HWF>@ PDGH D SUHOLPLQDU\
FRPSDULVRQ EHWZHHQ 076 DQG $11 E\ XVLQJ WKH WHVW GDWD
DERXW OLYHU IXQFWLRQ 7KH UHVXOWV VKRZHG WKDW WKH WZR PHWKRGV
KDG VLPLODU FODVVLILFDWLRQ DFFXUDF\ ZKHQ VDPSOH ZDV ODUJH EXW
076 KDG KLJKHU DFFXUDF\ WKDQ $11 ZKHQ VDPSOH ZDV VPDOO
+RQJ HWF>@ FRQWLQXHG WR VWXG\ WKHVH WZR PHWKRGV DQG
WKHQ IRXQG WKDW WKH GLDJQRVLV RI 076 ZDV EHWWHU WKDQ $11
ZKHQ VDPSOH ZDV VPDOO :DQJ HWF>@ E\ FRPSDULQJ 076
GLVFULPLQDWH DQDO\VLV DQG VWHSE\VWHS GLVFULPLQDWH DQDO\VLV
IRXQG WKDW 067 KDG D JRRG DGYDQWDJH LQ SUHGLFWLRQ DQG
WKHUH
V QR QHHG IRU LW WR VDWLVI\ VRPH DVVXPSWLRQV 0RLUD
HWF>@ XVHG 076 WR FKRRVH WKH DSSURSULDWH LQSXW DQG RXWSXW
YDULDEOHV IRU GDWD HQYHORSPHQW DQDO\VLV WKH EUHDNWKURXJK
LPSURYHG WKH HYDOXDWLRQ DFFXUDF\ RI HQWHUSULVH PDQDJHPHQW
HIILFLHQF\ 0DKDODNVKPL HWF>@ DSSOLHG 067 LQWR WKH
HYDOXDWLRQ FULWHULD RI RSWLPL]DWLRQ ZKHQ FKRRVLQJ WKH RSWLPDO
SRVLWLRQ RI DTXDWLF SURGXFWV 'RPHVWLF VFKRODUV /L HWF> @
DOVR VWXGLHG WKH VDPH PHWKRG WKH\ PDLQO\ FRQFHQWUDWHG RQ
LQWURGXFLQJ WKH WKHRU\ RI 076 DQG WKH DSSOLFDWLRQ RI LW LQ
PXOWLFODVV UHFRJQLWLRQ DQG SDWWHUQ UHFRJQLWLRQ =HQJ HWF>@
DSSOLHG WKH WKHRU\ RI K\SHU HOOLSVRLGDO VXSSRUW YHFWRU PDFKLQH
690 LQWR WKH WKUHVKROG YDOXH GHWHUPLQDWLRQ RI 076 7KH\
IRXQG WKDW 076 KDG KLJK GLVFULPLQDQW DFFXUDF\ DQG WKH\ DOVR
XVHG ODUJHUWKHEHWWHU IHDWXUHV RI IX]]\ UREXVWQHVV WR RSWLPL]H
076 6RQJ HWF>@ DSSOLHG 076 LQWR SURGXFW NH\ TXDOLW\
FKDUDFWHULVWLFV LGHQWLILFDWLRQ 7KH\ SURYHG WKH YDOLGLW\ RI LW E\
XVLQJ D DFWXDO FDVH DW WKH VDPH WLPH WKH\ SRLQWHG RXW VRPH
GLVDGYDQWDJHV LQ DSSOLFDWLRQ
$LPLQJ DW VROYLQJ WKH VWURQJ FRUUHODWLRQ DPRQJ YDULDEOHV
RI 076 DQG WKH GHIHFWV RI HIILFLHQF\ WKLV SDSHU SXWV IRUZDUG
D QHZ ZD\ ZKLFK FRPELQHV 076 DQG 5HOLHI) DOJRULWKP WR
LGHQWLI\ PHFKDQLFDO SDUWV NH\ TXDOLW\ FKDUDFWHULVWLFV EDVHG RQ
VXPPDUL]LQJ WKH H[LVWLQJ PHWKRGV $W ILUVW WKH ZHLJKW RI HDFK
IHDWXUH LV FDOFXODWHG E\ XVLQJ WKH WKHRU\ RI 5HOLHI) DOJRULWKP
WKHQ WKH IHDWXUHV ZKLFK PDNH VPDOO FRQWULEXWLRQV LQ
FKDUDFWHULVWLF LQGH[ V\VWHP DUH HOLPLQDWHG $OO 4&V UHDOL]H WKH
ILUVW URXQG RI GLPHQVLRQ UHGXFWLRQ LQ WKLV ZD\ 1H[W D VXUYH\
IRUP LV EXLOW 615 LV FDOFXODWHG DQG WKH VXUYH\ IRUP LV
RSWLPL]HG E\ XVLQJ 076 ,Q WKLV ZD\ WKH UHVW RI 4&V UHDOL]H
WKH VHFRQG URXQG VFUHHQLQJ 7UDGLWLRQDO 076 GRHVQ¶W WDNH WKH
VWURQJ FRUUHODWLRQV DPRQJ PXOWLSOH YDULDEOHV LQWR DFFRXQW WKLV
PHDQV LW GRHVQ¶W FRQVLGHU WKH FRQGLWLRQ WKDW PDKDODQRELV
GLVWDQFH LV KDUG WR FDOFXODWH $LPLQJ DW WKH SUREOHP LQ WKLV
SDSHU ZH DGRSW 0DKDODQRELV7DJXFKL*UDP6FKPLGW ZKLFK
LV QRW DIIHFWHG E\ VWURQJ FRUUHODWLRQV WR FDOFXODWH PDKDODQRELV
GLVWDQFH
 5HOLHI) DOJRULWKP
5HOLHI) DOJRULWKP LV D FODVVLFDO )LOWHU DOJRULWKP ZKLFK
PRGLILHG DFFRUGLQJ WR 5HOLHI DOJRULWKP E\ ,.RQRQHQNR $V
WKH PHDVXUHPHQW RI ILQDO FODVVLILFDWLRQ 5HOLHI) FDQ REWDLQ WKH
ZHLJKW RI HDFK TXDOLW\ FKDUDFWHULVWLF *UHDWHU WKH ZHLJKW YDOXH
VKRZV WKDW WKH TXDOLW\ LV PRUH LPSRUWDQW 6R DOO TXDOLW\
FKDUDFWHULVWLFV FDQ EH UDQNHG E\ WKLV PHWKRG DFFRUGLQJ WR
LPSRUWDQFH DQG WKHQ WKH NH\ TXDOLW\ FKDUDFWHULVWLFV FDQ EH
LGHQWLILHG 7KH VSHFLILF PHWKRG WR FDOFXODWH ZHLJKW E\ XVLQJ
5HOLHI) DOJRULWKP DUH DV IROORZV
7KH GDWD VHW 5 LV FODVVLILHG LQWR & W\SHV DFFRUGLQJ WR ODEHOV
. ..P (DFK W\SH LV PDUNHG DV 5NN F WKDW PHDQV
WKH\ DUH PDUNHG DV 555& DFFRUGLQJO\ 7KH SURSRUWLRQ RI
5N LQ RUGHU LV 3N 0 VDPSOHV ZKLFK DUH VHOHFWHG IURP WKH GDWD
VHW 5 UDQGRPO\ DUH PDUNHG DV ;L L P 7KDW PHDQV WKH\
DUH PDUNHG DV ;;;& DFFRUGLQJO\ 7KHQ WKH
KRPRJHQHRXV ³Q´ VDPSOHV ;LM M Q ZKLFK DUH WKH QHDUHVW
WR ;L DUH IRXQG IURP WKH GDWD VHW 5 )LQDOO\ WKH ZHLJKW RI
HDFK TXDOLW\ FKDUDFWHULVWLF LV FDOFXODWHG 7KH LPSRUWDQFH RI WKH
TXDOLW\ FKDUDFWHULVWLFV ³$´ FDQ EH H[SUHVVHG DV WKH GLIIHUHQFH
EHWZHHQ WZR SUREDELOLWLHV 8VHG LQ WKH ZHLJKW FDOFXODWLRQ FDQ
EH H[SUHVVHG DV IROORZV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,Q HTXDWLRQ  DQG  L LMY Y VKRZ WKH YDOXH RI L LM; ; LQ WKH
FRUUHVSRQGLQJ TXDOLW\ FKDUDFWHULVWLFV PD[$ DQG PLQ$
UHSUHVHQW WKH PD[LPXP DQG PLQLPXP RI ³$´ LQ DOO VDPSOHV
L; ; LMGLII VKRZV WKH IOXFWXDWLRQV RI WKH HLJHQYDOXH EHWZHHQ
WZR GLIIHUHQW VDPSOHV
7KH ZHLJKW YDOXH RI WKH ILQDO TXDOLW\ FKDUDFWHULVWLFV ZKLFK
LV REWDLQHG E\ 5HOLHI) DOJRULWKP EHORQJV WR WKH LQWHUYDO> @
7KH TXDOLW\ KDV QRWKLQJ WR GR ZLWK WKH ILQDO TXDOLW\ LI WKH
ZHLJK YDOXH RI D FHUWDLQ FKDUDFWHULVWLF EHORQJV WR WKH LQWHUYDO
> @ ,Q WKH SURFHVV RI NH\ TXDOLW\ FKDUDFWHULVWLFV
LGHQWLILFDWLRQ LUUHOHYDQW TXDOLW\ IHDWXUHV ZLOO EH HOLPLQDWHG
 0DKDODQRELV7DJXFKL 6\VWHP
 0DKDODQRELV GLVWDQFH
067 FRPELQHV WKH PDKDODQRELV GLVWDQFH LQ VWDWLVWLFV ZLWK
WKH WDJXFKL PHWKRG ,W PDNHV GDWD GLPHQVLRQ UHGXFWLRQ FRPH
WUXH 7KH VLPLODULW\ RI WZR XQNQRZQ VDPSOH VHWV ZKLFK IROORZ
WKH VDPH GLVWULEXWLRQ &KDUDFWHULVWLF YDULDEOHV LQ PXOWLYDULDWH
V\VWHP RIWHQ KDYH FRUUHODWLRQV 7KH DEQRUPDO GHJUHH RI
VDPSOHV LV RIWHQ PHDVXUHG E\ XVLQJ PDKDODQRELV GLVWDQFH
&RQVLGHULQJ WKH FRUUHODWLRQV EHWZHHQ YDULDEOHV PDKDODQRELV
GLVWDQFH RI VDPSOHV LV PRGLILHG ZLWK WKH QXPEHU RI YDULDEOHV
,Q 0DKDODQRELV7DJXFKL*UDP6FKPLGW WKH PDKDODQRELV
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,Q HTXDWLRQ  M Q N LV WKH TXDQWLW\ RI YDULDEOHV
NMMM
XXX 
 LV WKH YDOXH RI WKH MVW HOHPHQW LQ RUWKRJRQDO
YDULDEOH NVVV   LV WKH VWDQGDUG GHYLDWLRQ RI WKH
RUWKRJRQDOL]DWLRQ YHFWRU .888   
 7KH WDJXFKL PHWKRG
076 PDLQO\ DSSOLHV WKH RUWKRJRQDO WDEOH DQG 615 RI
WDJXFKL PHWKRG ,W FDQ DFKLHYH WKH JRDOV RI RSWLPL]LQJ V\VWHP
DQG SUHGLFWLQJ SHUIRUPDQFH
 7KH RUWKRJRQDO WDEOH
2UWKRJRQDO WDEOH LV D PDLQ WRRO RI RUWKRJRQDO GHVLJQ ,W LV D
NLQG RI VSHFLDO IRUP ZKLFK FDQ GLVFKDUJH WKH SULPDU\ DQG
VHFRQGDU\ IDFWRUV DQG GHWHUPLQH WKH RSWLPDO VROXWLRQ
2UWKRJRQDO WDEOH LV XVXDOO\ IODJJHG DV /Q˄ WF˅  ³/´ PHDQV
RUWKRJRQDO WDEOH ³Q´ LV WKH QXPEHU RI URZV DQG LW VKRZV
H[SHULHQFH WLPHV ³W´ LV WKH OHYHO RI YDULRXV IDFWRUV ³F´ LV WKH
QXPEHU RI FROXPQV 7KH WZR LPSRUWDQW FKDUDFWHUV RI
RUWKRJRQDO WDEOH DUH DV IROORZV
D7KH WLPHV RI GLIIHUHQW QXPEHUV LQ HDFK FROXPQ WKDW DSSHDU
DUH HTXDO
E,Q DQ\ WZR FROXPQV WKH RFFXUUHQFHV RI HDFK SDLU LV HTXDO
ZKHQ WZR QXPEHUV LQ WKH VDPH OLQHV DUH FRQVLGHUHG DV D
RUGHUHG SDLU
7KHVH WZR SURSHUWLHV GHPRQVWUDWH WKH VXSHULRULW\ RI WKH
RUWKRJRQDO WDEOH ZLWK ³KRPRGLVSHUVH´ DQG ³RUGHUOLQHVV´
³KRPRGLVSHUVH´ PDNHV WHVW SRLQWV UHSUHVHQWDWLYH
DQG ´RUGHUOLQHVV´ PDNHV LW HDV\ WR IXUWKHU DQDO\]H WHVW SRLQWV
7KH FROORFDWLRQ RI HDFK IDFWRU LQ HDFK OHYHO LV EDODQFHG ZKHQ
XVLQJ RUWKRJRQDO WDEOH WR DUUDQJH WHVWV 076 XVHV D
RUWKRJRQDO WDEOH ZLWK WZR OHYHOV DQG DVVLJQV WKH YDULDEOHV WR
GLIIHUHQW FROXPQV ZKHQ LGHQWLI\LQJ SURGXFW NH\ TXDOLW\
FKDUDFWHULVWLFV 7KHQ HDFK OLQH FDQ JHQHUDWH D PDUNRY VSDFH
/HYHO ³´ LQGLFDWHV WKDW WKH YDULDEOH LV LQYROYHG LQ WKH
IRUPDWLRQ RI WKH PDUNRY VSDFH DQG WKH OHYHO ³´ LQGLFDWHV
WKDW WKH YDULDEOH LV QRW LQYROYHG 7KH VRFDOOHG PDUNRY VSDFH
LV D GDWD VHW DFFRUGLQJ WR WKH PHDQ QXPEHU WKH VWDQGDUG
GHYLDWLRQ DQG WKH FRUUHODWLRQ PDWUL[ RI QRUPDO VDPSOHV¶ HDFK
YDULDEOH
 6LJQDO1RLVH 5DWLR615
615 LV D NLQG RI VFDOH WR PHDVXUH TXDOLW\ ZKLFK UDLVHG E\
7DJXFKL ,W LV WKH UDWLR RI VLJQDO SRZHU DQG QRLVH SRZHU LQ
WKHRU\ 615 LV XVXDOO\ H[SUHVVHG DV Ș 7KH YDOXH RI Ș LV ODUJHU
WKH SURGXFW TXDOLW\ LV PRUH VWDEOH DQG WKH TXDOLW\ ORVV LV
VPDOOHU ,Q WKH PHWKRG RI 076 615 LV DSSOLHG WR GHWHUPLQH
WKH HIIHFWLYH YDULDEOHV DQG WR PHDVXUH V\VWHP IXQFWLRQ
8VXDOO\ ZH FRQVLGHU ȝı DV 615 LQ WKH PHDVXUHPHQW ´ȝ´ LV
WKH DYHUDJH RI TXDOLW\ FKDUDFWHULVWLFV ³ı ´ LV WKH YDULDQFH RI
VDPSOHV 615 LV PDLQO\ GLYLGHG LQWR WKUHH FDWHJRULHV ³ODUJHU
WKHEHWWHU´ W\SH ³QRPLQDOWKH EHVW´ W\SH DQG ³VPDOOHUWKH
EHWWHU´ W\SH :KHQ XVLQJ 076 WR LGHQWLI\ WKH NH\ TXDOLW\
FKDUDFWHULVWLFV WKH FDOFXODWLRQ IRUPXOD RI 615 LV DV IROORZV
Q
L 
  OJ  
Q L0 ' 
 ¦¨ 
,Q HTXDWLRQ  L0' LV TXDOLW\ FKDUDFWHULVWLFV¶ PDUNRY
GLVWDQFH RI WKH LVW DEQRUPDO FRQGLWLRQV Q LV WKH TXDOLW\
FKDUDFWHULVWLF QXPEHU RI HDFK RUWKRJRQDO WDEOH WKDW
SDUWLFLSDWHV LQ D PDUNRY VSDFH
 7KH PHWKRG WR LGHQWLI\ NH\ TXDOLW\ FKDUDFWHULVWLFV
7KLV VHFWLRQ SUHVHQWV D QHZ PHWKRG ZKLFK FRPELQHG 076
ZLWK 5HOLHI) DOJRULWKP WR LGHQWLI\ WKH .4&V RI PHFKDQLFDO
SDUWV EDVHG RQ WKH DQDO\VLV RI 6HFWLRQ  DQG 6HFWLRQ 
&RQFUHWH LGHDV DUH DV IROORZV )LUVWO\ TXDOLW\ GDWD VHWV
FROOHFWHG IURP PHFKDQLFDO SDUWV DUH LQSXWWHG 7KH ZHLJKW
YDOXH RI HDFK TXDOLW\ LQGH[ E\ XVLQJ 5HOLHI) DOJRULWKP LV
FDOFXODWHG $ UHDVRQDEOH WKUHVKROG LV VHW 4XDOLW\ LQGH[HV
EDVHG RQ ZHLJKW YDOXH DUH RUGHUHG 7KH TXDOLWLHV ZLWK VPDOO
HQWURS\ ZHLJKW DUH HOLPLQDWHG DQG WKHQ WKH ILOWHUHG GDWD VHWV
DUH REWDLQHG 6HFRQGO\ D PHDVXUHPHQW WDEOH E\ XVLQJ 076
PHWKRG LV EXLOW WKH PDUNRY GLVWDQFH RI QRUPDO VDPSOHV DQG
DEQRUPDO VDPSOHV DUH FDOFXODWHG WKH YDOLGLW\ RI WKH
PHDVXUHPHQW WDEOH E\ FRPSDULQJ WKH WKH DYHUDJH PDUNRY
GLVWDQFH RI WZR NLQGV RI VDPSOHV LV YHULILHG 7KLUGO\ D
RUWKRJRQDO WDEOH LV GHVLJQHG WKH VLJQDOWRQRLVH UDWLR RI OHYHO
³´ DQG OHYHO ³´ DV ZHOO DV WKH GHYLDWLRQ EHWZHHQ WKHP DUH
FDOFXODWHG UHVSHFWLYHO\ 7KH PHDVXUHPHQW WDEOH LV RSWLPL]HG
DQG WKH PRVW RSWLPDO GDWD VHW LV REWDLQHG
,W LV ZRUWK PHQWLRQLQJ WKDW WKH RSWLPL]HG PHDVXUHPHQW
WDEOH FDQ DOVR IRUHFDVW DQG GLDJQRVH V\VWHPV 7KH QXPHULFDO
YDOXH RI PDUNRY GLVWDQFH LV VPDOOHU WKH GLIIHUHQFH RI WKH
VDPH TXDOLW\ IHDWXUHV LQ GLIIHUHQW VDPSOHV LV VPDOOHU DQG WKH
VDPSOH LV PRUH QRUPDO 6R ZH FDQ H[WHQG WKH REVHUYDWLRQ
WLPH DSSURSULDWHO\ ,I WKH QXPHULFDO YDOXH RI PDUNRY GLVWDQFH
LV ODUJH WKDW PHDQV WKH VDPSOH PD\ EH DEQRUPDO :H QHHG WR
ILQG RXW WKH VSHFLILF SUREOHPV DQG WDNH FRUUHVSRQGLQJ
PHDVXUHV
 1XPHULFDO H[DPSOH
:H VHW D PHFKDQLFDO VKDIW IURP D PRGHO DV DQ H[DPSOH WR
YHULI\ WKH HIIHFWLYHQHVV RI LGHQWLILFDWLRQ ZLWK 0DKDODQRELV
7DJXFKL 6\VWHP FRPELQLQJ WKH HQWURS\ ZHLJKW PHWKRG 7KH
SDUWV GUDZLQJ DUH DV IROORZV
)LJ SDUWV GUDZLQJ
4XDOLW\ LQVSHFWLRQ SHUVRQQHO VHOHFW  TXDOLW\
FKDUDFWHULVWLFV IURP  QRUPDO VDPSOHV DQG  DEQRUPDO
VDPSOHV 7KH 4&V DUH H[WHULRU OHQJWK WRWDO OHQJWK / OHQJWK
/ OHQJWK / JURRYH ZLGWK DQG FKDPIHULQJ ZLGWK GLDPHWHU
G GLDPHWHU G NH\ZD\ OHQJWK NH\ZD\ ZLGWK DQG NH\ZD\
GHSWK SDUW TXDOLW\ SDUW YROXPH SDUW VXUIDFH DUHD GHQVLW\
VXUIDFH KDUGQHVV VXUIDFH URXJKQHVV DQG FDVH GHSWK
53 Lisha Ma et al. /  Procedia CIRP  56 ( 2016 )  50 – 54 
VWUDLJKWQHVV HUURU IODWQHVV HUURU F\OLQGULFLW\ HUURU DQG
SRVLWLRQ GHJUHHV 7KH\ DUH LQ WXUQ UHSUHVHQWHG DV ;
; ; IRU WKH LGHQWLILFDWLRQ RI SURGXFW NH\ TXDOLW\
FKDUDFWHULVWLFV
7KH ILUVW VWHS LV WR REWDLQ WKH ZHLJKW RI HYHU\ TXDOLW\
FKDUDFWHULVWLFV DFFRUGLQJ WR IRUPXOD  7KH UHVXOWV DUH VKRZQ
LQ WDEOH 
7DEOH  7KH ZHLJKW RI SDUWV TXDOLW\
4& ; ; ; ; ;
ZHLJKW     
4& ; ; ; ; ;
ZHLJKW     
4& ; ; ; ; ;
ZHLJKW     
4& ; ; ; ; ;
ZHLJKW     
7R VRUW WKH ZHLJKW RI  TXDOLW\ FKDUDFWHULVWLFV IURP
ODUJH WR VPDOO DUH ;ǃ;ǃ;ǃ;ǃ;ǃ;ǃ;ǃ
;ǃ;ǃ;ǃ;ǃ;ǃ;ǃ;ǃ;ǃ;ǃ
;ǃ;ǃ;ǃ;ǃ;ǃ; $PRQJ WKHP WKH ZHLJKW
RI ; ; ; DQG ; DUH QHJDWLYH QXPEHUV :H FDQ
FRQVLGHU WKHP DV WKH LUUHOHYDQW FKDUDFWHULVWLFV WR ILQDO SURGXFW
TXDOLW\ DQG WKHUH LV QR QHHG WR UHSHDWHGO\ WHVW WKHP EHWZHHQ
WZR DGMDFHQW VWHSV LQ WKH DFWXDO SURGXFWLRQ SURFHVV
7KH VHFRQG VWHS LV WR REWDLQ WKH 0DKDODQRELV GLVWDQFH RI
RWKHU TXDOLW\ FKDUDFWHULVWLFV LQ QRUPDO DQG DEQRUPDO VDPSOHV
DFFRUGLQJ WR IRUPXOD  7KH UHVXOWV DUH DV VKRZQ LQ WDEOH 
DQG 
7DEOH  0DKDODQRELV GLVWDQFH RI QRUPDO VDPSOHV
6DPSOH     
0'     
6DPSOH     
0'     
0'     
6DPSOH     
0'     
6DPSOH     
0'     
6DPSOH     
0'     
6DPSOH     
0'     
6DPSOH     
0'     
6DPSOH     
0'     
6DPSOH     
0'     
6DPSOH     
0'     
6DPSOH     
0'     
7DEOH  0DKDODQRELV GLVWDQFH RI DEQRUPDO VDPSOHV
6DPSOH     
0'     
6DPSOH     
0'     
6DPSOH     
0'     
6DPSOH     
0'     
6DPSOH     
0'     
6DPSOH     
0'     
,Q WKH DERYH WZR WDEOHV WKH DYHUDJH 0DKDODQRELV GLVWDQFH
LQ QRUPDO VDPSOHV LV  ZKLOH LQ DEQRUPDO VDPSOHV LV
 0RVW DEQRUPDO VDPSOHV¶ 0DKDODQRELV GLVWDQFHV DUH
ODUJHU WKDQ WKRVH LQ QRUPDO VDPSOHV DQG WKH DYHUDJH
0DKDODQRELV GLVWDQFHV LQ QRUPDO VDPSOHV LV VLJQLILFDQWO\
JUHDWHU WKDQ WKH DYHUDJH 0DKDODQRELV GLVWDQFH LQ QRUPDO
VDPSOHV 7KHVH LQGLFDWH WKDW WKH PHDVXUHPHQW WDEOH LV YDOLG
7KH WKLUG VWHS LV WR VHOHFW DQ RUWKRJRQDO WDEOH RI /
IRUPDW DQG FDOFXODWH WKH 615 RI HDFK TXDOLW\ FKDUDFWHULVWLF
DFFRUGLQJ WR IRUPXOD  $QG WKHQ XVH WKH 615 RI OHYHO ³´
PLQXV WKH 615 RI OHYHO ³´ WR FDOFXODWH WKH GLIIHUHQFH
EHWZHHQ WKHP DQG PDUN WKH UHVXOW DV c¨ 
7DEOH  7KH GLIIHUHQFH RI 615 EHWZHHQ OHYHO ´´ DQG OHYHO ´´
4& ; ; ; ; ; ;
c¨      
4& ; ; ; ; ; ;
c¨      
4& ; ; ; ; ; ;
c¨      
4& ; ; ; ;
c¨    
5HWDLQLQJ WKH TXDOLW\ FKDUDFWHULVWLFV WKDW 615 GLIIHUHQFH LV
D SRVLWLYH QXPEHU WKDW¶V WR VD\ H[FOXGLQJ ; ; ; DQG
; $IWHU WZR VFUHHQLQJ D WRWDO RI  TXDOLW\ FKDUDFWHULVWLFV
DUH OHIW 7R WHVW WKH RSWLPL]HG LQYHQWRU\ WKH PDUNRY GLVWDQFH
RI  4&V LQ DEQRUPDO VDPSOHV KDV WXUQHG LQWR  ZKLFK
LV OHVV WKDQ WKH RULJLQDO  ,W VKRZV WKDW WKH RSWLPL]HG
LQYHQWRU\ LV HIIHFWLYH 7KHUHIRUH WKH ILQDO .4&V RI SDUWV DUH
; ; ; ; ; ; ; ; ; ; ; ;
; ; ; &RUUHVSRQGLQJ WR WKH PHFKDQLFDO D[LV WKH
.4&V DUH WKH WRWDO OHQJWK / OHQJWK / JURRYH ZLGWK DQG
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FKDPIHULQJ ZLGWK GLDPHWHU G NH\ZD\ OHQJWK NH\ZD\ ZLGWK
DQG NH\ZD\ GHSWK SDUW TXDOLW\ VXUIDFH KDUGQHVV VXUIDFH
URXJKQHVV FDVH GHSWK VWUDLJKWQHVV HUURU IODWQHVV HUURU
F\OLQGULFLW\ HUURU DQG SRVLWLRQ GHJUHHV
 &RQFOXVLRQ
7KLV SDSHU IRUPV D QHZ PHWKRG E\ LQWURGXFLQJ 5HOLHI)
DOJRULWKP LQWR 076 PHWKRG WR LGHQWLI\ PHFKDQLFDO SDUWV NH\
TXDOLW\ FKDUDFWHULVWLFV DQG LW VHWV WKH PHFKDQLFDO VKDIW RI D
PRGHO DV DQ H[DPSOH WR VKRZ WKDW WKLV PHWKRG FDQ HIIHFWLYHO\
UHFRJQL]H .4&V 7KH QHZ ZD\ FXWV WKH TXDOLW\ FKDUDFWHULVWLFV
IURP WKH RULJLQDO  WR WKH ILQDO  +RZHYHU WKLV PHWKRG VWLOO
KDV LWV OLPLWV 2Q WKH RQH KDQG ZKHQ XVLQJ 5HOLHI) DOJRULWKP
WR VFUHHQ WKH NH\ TXDOLW\ FKDUDFWHULVWLFV WKH HOLPLQDWH
SDUDPHWHUV LV GHWHUPLQHG E\ SHRSOH 6R LW H[LVWV FRQVLGHUDEOH
VXEMHFWLYLW\ $QG RQ WKH RWKHU KRZ WR VHW XS WKH UHDVRQDEOH
ZHLJKW DQG KRZ WR IXUWKHU DGMXVW WKH ILOWHU FULWHULD 7KHVH ZLOO
EH WKH QH[W GLUHFWLRQ RI UHVHDUFK
$FNQRZOHGJHPHQWV
:H ZRXOG OLNH WR DFNQRZOHGJH WKH VXSSRUW RI WKH 1DWLRQDO
1DWXUDO 6FLHQFH )RXQGDWLRQ RI WKH 3HRSOH¶V 5HSXEOLF RI &KLQD
1R 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